Ion-pair formation constants (KMLA) for alkali metal-crown ether complex ions (ML + ) with a pairing anion (A -) in water have been determined by applying the regular solution theory for solventextraction systems with these species and less-polar diluents, and also discussed for solute-solute and -solvent interactions in the systems. 1, 2 In following these studies, a potentiometric method for the KMLA determination has also been developed and established. 3, 4 Depending on kinds of crown ethers (L) used, however, the KMLA values determined by both of these methods either agreed well or did not. Regarding this disagreement, the authors clarified its cause, and then found out the fact that the disagreement is due to a distribution property of L. 4 Consequently, the extraction systems have been classified in two groups, corresponding to the distribution properties. 4 Namely, both the KMLA values agreed well for systems with a hydrophobic L, such as benzo-15-crown-5 ether (B15C5) and benzo-18-crown-6 one (B18C6), while those did not with a hydrophilic L, such as 15-crown-5 ether (15C5) and 18-crown-6 one (18C6). Using the Scatchard-Hildebrand equation, 5 these facts could be explained in terms of the magnitude of an interaction of L or the ion-pair complex MLA with a water molecule in a water (w) phase. 4 It was also found that the interaction of the Li(I) ion-pair complex, Li(18C6)Pic, with a water molecule was comparable, in magnitude, to that of the hydrophilic 18C6 with a water molecule, 4 where Pic -denotes a picrate ion. This finding suggests a possibility that Li(I) held in ion-pair complexes with the hydrophobic L more-strongly interacts with water molecules than does the free L. Thus, the KMLA 0 value for a LiPic-B15C5 system was determined potentiometrically at 25˚C and an ionic strength (I) of 0, and consequently the KMLA disagreement was observed here.
Consequently, the extraction systems have been classified in two groups, corresponding to the distribution properties. 4 Namely, both the KMLA values agreed well for systems with a hydrophobic L, such as benzo-15-crown-5 ether (B15C5) and benzo-18-crown-6 one (B18C6), while those did not with a hydrophilic L, such as 15-crown-5 ether (15C5) and 18-crown-6 one (18C6). Using the Scatchard-Hildebrand equation, 5 these facts could be explained in terms of the magnitude of an interaction of L or the ion-pair complex MLA with a water molecule in a water (w) phase. 4 It was also found that the interaction of the Li(I) ion-pair complex, Li(18C6)Pic, with a water molecule was comparable, in magnitude, to that of the hydrophilic 18C6 with a water molecule, 4 where Pic -denotes a picrate ion. This finding suggests a possibility that Li(I) held in ion-pair complexes with the hydrophobic L more-strongly interacts with water molecules than does the free L. Thus, the KMLA 0 value for a LiPic-B15C5 system was determined potentiometrically at 25˚C and an ionic strength (I) of 0, and consequently the KMLA disagreement was observed here.
In this study, based on this system, we wish to report another limitation causing the disagreement in KMLA between the two methods, and discuss its cause. Also, the extraction constants (Kex) of about ten diluents were re-calculated, using this KMLA 0 value and corresponding extraction data 2 reported before by the co-authors. Furthermore, the distribution constants (KD,MLA) of the ion-pair complex, Li(B15C5)Pic, between the water phase and the diluents were re-estimated. In addition to this, the KMLA value (KMLA ext. one) determined previously by the extraction method 2 was re-estimated, based on the potentiometric KMLA 0 value.
Experimental

Chemicals
Lithium picrate and B15C5 were prepared or purified by the same methods as those 4 described previously. The concentrations of aqueous LiCl solutions were determined by precipitation titration with a standardized AgNO3 solution. Other reagents were of analytical grade and used without further purification. Water that was used to prepare all aqueous solutions was purified by passing through a Milli-Q Labo ultrapure system.
Emf measurements
Emf values were measured at 25 ± 0.4˚C by using the following cell: Ag | AgCl | 0.1 mol dm -3 (C2H5)4NCl | test solution | ISE. 3 The test solutions were the aqueous LiCl solution for a calibration curve and a 1:1 mixture of LiPic with B15C5 for the KMLA determination. Liquid junction potentials (ELJ) at the (C2H5)4NCl | test solution interface were corrected by the Henderson equation. 3 The calculation details of the KMLA expl. values (see below for this symbol) and apparatus used were the same as those described previously. 3 
Data analysis for solvent extraction
Using the extraction data 2 reported previously by the coauthors (Y. T. and S. K.), re-calculations of the Kex values were carried out on sheets of a MS Excel by the same procedure with successive approximations, as that described before. 4, 6 This procedure 6 is outlined below. The extraction constant, Kex, is defined as [LiLPic] 
Here, the concentration of LiLPic in an organic phase at equilibrium, [LiLPic]o, was determined spectrophotometrically, and others were expressed as functions of a complex formation constant in water (KLiL), an ion-pair formation constant of LiPic in water (KLiPic), a distribution constant of L (KD,L), and KLiLPic by arranging mass balance equations. Furthermore, the following relations hold for the other concentration expressions: Table 1 .
The log KD,MLA values were re-estimated from the relation 1,2 between log Kex and its logarithmic component equilibriumconstants: log Kex = log KML + log KMLA + log KD,MLA -log KD,L. Here, the KLiB15C5 (10 0.76 mol -1 dm 3 at 25˚C) and KD,B15C5 values were available from the literature 2,7 (see Table 1 ). Figure 1 shows a plot of log(KMLA expl. /y± 2 ) vs. y± 2 3 and bm = (1.4 ± 0.2)× 10 -3 mol dm -3 with a curve at R = 0.978 and a number of data of 37. This KMLA 0 value is much larger than the KMA 0 value of LiPic (10.9 mol -1 dm 3 at I = 0). 4 The same is true of other MPic-L systems (M = Na, K) reported before. 3, 4 Also, Bjerrum's distance of the closest approach 8, 9 was estimated to be 0.5 Å for the Li(B15C5) + -Pic -system, while it was 0.7 for the Li + -Pic -one. Although these absolute values are meaningless, this result suggests that a structure around Li + undergoes little change in complex formation with B15C5.
Results and Discussion
Ion-pair formation of Li(B15C5)Pic in water
Re-estimation of Kex and KD,MLA
In a re-calculation of the Kex values about the diluents, we used the KMLA values (KMLA pot. ) calculated from the potentiometric KMLA 0 one by considering the I values in the w-phases. Table 1 lists the log Kex and log KD,MLA values, together with the logarithmic component equilibrium-constants, log KMLA pot. and log KD,L. 2 These results for Kex (and also for VMLA, as described below) are essentially the same as those 2 reported previously. On the other hand, the orders of KMLA and KD,MLA changed from M = Li < K << Na for solvent extraction (ext.) 2 to K < Li < Na for potentiometry (pot.) and from Na < Li < K for ext. to Li < Na < K for pot., respectively. However, we will omit any discussion about these values, since a detailed elucidation of the extraction-ability and -selectivity is not a subject for discussion in this study.
Disagreement between KMLA determined by solvent extraction and by potentiometry and its re-estimation
According to previous papers, 2,4 we can plot log KD,MLA against log KD,L from the modified Scatchard-Hildebrand equation, /mol -1 dm 3 . 
and then obtain a straight line with VMLA/VL as a slope and VMLAβ/VL as an intercept. Here, Vj, Cw,j, and Co,j denote the molar volume (cm 3 ) of species j (= MLA, L), cohesive energy density (J cm -3 ) for the mixture of j and a water molecule, and that for j and a diluent, respectively. The plot of log KD,MLA vs. log KD,L is shown in Fig. 2 , together with those 4 for the NaPic- 10 and KPic-B15C5 systems reported before. For the LiPic-B15C5 system, its line does not pass through the origin within the experimental error, while they did for the other two systems. The regression analysis of the plot gave a straight line with a slope of 1.602 ± 0.138 and an intercept of -2.488 ± 0.195 at R = 0.975, except for an extraction system with CHCl3. 2, 4 Judging from the slopes of the three straight lines (Fig. 2) , the VMLA values are in the order of M = Na < Li < K. A comparison of the experimental equation, log KD,MLA = 1.60·log KD,L -2.48, with Eq. (1) demonstrates that the β term is not negligible for the LiPic-B15C5 system too, as described before for the extraction systems with 15C5 and 18C6. 4 This means that the present system yields a disagreement between the KMLA ext. value, determined by the extraction method, and the KMLA pot. one, as discussed below.
For the above reason, we tried to re-estimate the KMLA ext. value for the present system. By adding log KMLA to both sides of Eq.
(1), the following equation 2 is obtained:
Here, the product, KD,MLAKMLA (corrected), which was in good agreement with 2.10 to 2.12 (= log KMLA pot. , see Table 1 ).
On the effect of Li(I) on an interaction of LiLPic with water molecule
The β values were in the order of (0 <) K < Na for the MPic-15C5 system, 4,7 Li < Na < (0 ≈) K for MPic-B15C5, (0 <) Li < Na < K for MPic-18C6, 4 and Na < (0 <) K for MPic-B18C6. 4 Also, hydration free energies of M + were in the order of Li + (-510.8 kJ mol -1 ) < Na + (-410.8) < K + (-337.2). 11 Except for the 15C5 system, 12 these agreements of both orders show that essentially the β values reflect the hydration properties of M(I) held in MLPic for a given L. Furthermore, assuming that Co,L ≈ Co,MLA in Eq. (1a), as described in a previous paper, 4 these results indicate that the interaction of a water molecule with L is dominant for the case of β > 0 (namely, Cw,L > Cw,MLA), while an interaction of a water molecule with MLPic is dominant for that of β < 0 (Cw,L < Cw,MLA). Accordingly, the latter case means that Na(I) in ion-pair complexes with B15C5 and B18C6 is easy to interact with a water molecule, too, in comparison with free B15C5 and B18C6, respectively.
The Cw,B15C5 and Cw,MLPic values at M = Na and K for the B15C5 systems had been reported at T = 298 K, using the equation: 4 Cw,MLA = Cw,L -2.303RTβ/2VL and VB15C5 = 237 cm 3 . 2 Similarly, the Cw,MLA value for the LiPic-B15C5 system at β = -1.553 (see above) was estimated to be 985 J cm -3 . This value is in the trend of B15C5 (966 J cm -3 ) = K(B15C5)Pic ≈ Na(B15C5)Pic (967) < Li(B15C5)Pic. This fact indicates that the mixture of a water molecule and Li(B15C5)Pic has the strongest interaction of the four species examined, at least. This is supported by the fact that the number 13 (h) of water molecules co-extracted with B15C5 or M(B15C5) + into a nitrobenzene solution increases in the order of B15C5 (h = 0.5) = K(B15C5) + < Na(B15C5) + (0.8) < Li(B15C5) + (1.4).
In a comparison of Cw,L with Cw,LiLPic, the value of Li(B15C5)Pic is larger than that of B15C5, while 946 J cm -3 of Li(18C6)Pic was somewhat smaller than, or close to, 953 of 18C6. 4 This difference can be due to that in the hydrophilic property between 18C6 and B15C5 in the w-phase and a wrapping effect (or flexibility) of the crown ring. Namely, it is supposed that the wrapping of Li + by 18C6 weakens the hydration to Li(I), together with that to 18C6, itself. On the other hand, the wrapping effect by B15C5 and its hydrophilic property are originally small, so that the hydration to Li(I) may be held more strongly.
On the basis of the above results, it is evident that the β value in Eq. (1) is negative for the LiPic-B15C5 system and not negligible for the extraction study. This fact can be explained in terms of the stronger hydration property of Li(I) in Li(B15C5)Pic than the free B15C5, being different from that of the systems with the hydrophilic L. Consequently, its property brings about the KMLA disagreement between the two KMLAdetermination methods.
